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1. Field of the Inveotion 

The present invention relate to tranqxnt polymers comprising histidine and to phamiaceutical agent 
deHveiyconqwsitionsconqjrisingsuchtiansportpolymers. The transport polymers and ddiveiy 
compositions of the invention ate use&l in the deKveiy of phannaceutical agents to the interior of a 
cell. Thus, the present invention relates further to methods of using the delivery compositions to 
deliver flier^praitic, diagnostic, and/or cosmetic conq)ounds to cells. 

2. Backgronnd and Prior Art 

Many scientific and commercial methods involve intracelhilar deUvery of materials to the interior of 
ceDs. For example, in the medical field, Healment thenqnes can deliver pharmaceutical agents to flie • 
interior of ceDs. ii flie field of molecular biology, it is known to deliver genetic material and ofter 
biological con^unds to die interior of a cell (Le., transfection). One inqxirtant plication of 
intacelhilar delivery ofnucldcaddsisgeneflprapy. In addition to gene delivery, phannaceutical 
agent delivery conqwsitions can be used to deliver other 1her^)eutic agents, as weU as diagnostic and 
cosmetic agents. 

With regard to gene ther^, recent advances in molecular biology have increased the scientific 
understanding of the genetic basis for disease. Modem tools have provided significant advances in 
gene therapy. It is nowpossible to produce nucleotide sequences capable of expressing therapeutic 
molecules and to package them in expression vectors. In the context of gene therapy, transfection 
systems are used to deliver the expression vectors to a subject's cells. Once deUvered, the nucleic 
acid is expressed in the target cells to produce proteins and/or peptides. Although gene flier^ is 
promising as a method of treating genetic based diseases, major obstacles remain. Progress in gene 
therapy has been limited by Ae lack of gene^eUvery systems having a tiansfection efficiencies ^h 
are adequate to deliver therapeutically significant amounts of genetic materials and other 
pharmaceutical agents into target cells. Furthermore, nucleic acid delivery systems, in particular non- 
viral systems, have a significant reduction in transfection efficiency in the presence f serum. Success 
of gene tiierapy depends on flie development of unproved transfection systems, wifli higher 
transfection efiBciency and increased resistance to serum. 
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Commonly used transfection systems can be grouped into viral and non-viral transfection systems. 
2.1 Non-Viral Transfecdon Systems 

Non-viral transfection systems have been explored as delivery mechanisms for genetic materials and 
other biological coniipounds. Such non-viral transfection S3rstems include, for example, HxK>somal 
5 systems. A hposome is a compartment boimded by a lipid bilayer. Materials, such as DNA or 

protein, can be contained within a l^some, either in the liposome compartment, associated with the 
bilayer, or associated with the liposome exterior, and therapeutic mat^ials can be dehvered to the 
interior of a cell by endosomal uptake or by fusion of the agent-containing liposome with the cell 
membrane. 

10 Cationic liposomes are the most commonly used non-viral delivery system for bofli pi vitro (1*3) and 
in vivo (4-6) DNA transfection. A significant problem associated with cationic liposomes is Iheir low 
transfection efiBciency (7,8), both in vitro and in vivo. At least in vtvo^ this low transfection efBciency 
has been attributed to inactivation of liposomes by smim (9,10). On the ofiier hand, cationic 
Iqyosome carriers are relatively eaqr to produce in large quantities and ejdiibit minimal toxicity (1 1). 

IS Accordingly, sigrnficant efifort is preseiitly being devoted to impr^^ 
liposomes. 

Several recent developments have advanced the prospects for enhanced liposome transfection 
efficiency. In vivo transfection efBciency of lq)osomes has been enhanced by the development of new 
lipids (12) and by the ieplacementofIX)P£ (13) with cholesterol, as a help^ ' 

20 The addition of poly-L-lysine or protamine to cationic liposome carriers is known to enhance the 
transfection efBciency of liposomes (9,14-17). These highly basic polymers/proteins effectively 
condense the plasmid DNA, while liix>somes neutralize the remainder of the negative charge of the 
DNA and provide a scaffold for the po^onenDNA complex. Although poly-L-lysine increases 
transfection of hposome carriers, the addition of serum during transfection maiicedly reduces the 

25 efficiency of this carrier. Thus, poly-L-lysine in combination wifli liposomes naay be somewhat 
limited as a carrier in the presence of serum. 

Lysosomotropic agents have also been used to increase transfection efficiency of lq>osomes and other 
cationic carriers. Lysosomotropic agents protect plasmids from faydrolytic digestion within 
endosomes and/or enable plasmids to esczpc fixmi endosomes (18-25). These lysosomotropic agents 
30 include chloroquine, NH4CL, monesisn, bafQomycin and brefeldin, which are weak amines that buffer 
the pre-l^fsosomal vesicles. 
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O&er efforts at improving gene-iteliveay agents have focused on DNA-condensing and pH buffering 
properties (26-29). These efiforts have yielded dendrimers (SiQ>erfect, polyefliylenimine) and 
polyamidoamine whose single repeating subunit contains both a positive charge and buffering 
capacity. Such polymeirs have a single repeating subunit with two or niorefi^^ 
5 resulting in an inherent inflexibility, since binding and buffering properties within these polymers are 
fixed and cannot be varied. It is also likely that flie currently available polymers will not be 
metabolizable, and with jnolonged administration, these polymers are likely to be toxic. Previously, 
polymers with both DNA binding and buffering capacity (e.g. polyamidoamine) in combination wi& 
liposomes were found not to enhance transfection efficiency (15). In addition, a large molecular 
1 0 weigiht faistidylated poIy-L-lysine polymer has been recently reported in 3 of 4 cell lines to be 

significantly less effective (between 6 to 21 fold) than polyethylenimine (PEI), a common^ used 
carrier and one of the more effective carriers in gene transfer S3rstems (30). 

There is a need in the art for pharmaceutical agent delivery systems having transfecti<m efficiencies 
sufifidentto deliver thers^>eutically effective amounts of nucleic acid into cells. There is also a need 
15 in the art for carriers that are stable in smsm in order for delivery systems to be effective both in vitro 
and in vtw. Moreover, there is a continuing need in the art for improved non-viral pharmaceutical 
agent delivery systems capable of delivering pharmaceutical agents into the interior of cells in 
amounts sufiBcient to treat conditions such as metabolic and neoplastic conditicms in humans. 

2.2 Viral Transf ection Systmis 

20 Various viral transfection systems are also known in tte art, such as retroviruses (e.g., murine 

leukemia virus, avian, lentivirus), adenoviruses and adeno-associated viruses, herpes sinq>lex viruses, 
ifainovirus, Sendai virus, and Poxviruses. These S3fstems have been proposed for gene therapy. 
Cornbinations of viral vectors with non-viral delivery systems have also been utilized to enhance gene 
delivery (37-44). A significant linutation of viral vectors as transducing agents is their entry into cells. 

25 For instance, viral vectors have decreased transduction efficient and gene e^iression in a variety of 
cells such as hematopoeitic stem cells. Alternatively, in the case of retroviruses, specific envelop 
proteins limit the entry of the retrovirus into cells and consequently, the transduction (transfection) 
efiSciency in these cell lines is markedly reduced. There is a need in the art to enhance the entry of 
viral vectors into cells. 

30 3. Summary of the Invention 

Disclosed herein are novel pharmaceutical agent delivery compositions comprising a novel transport 

polymer. The traiisport polymer of the present ixiveiition is usefiil as a 53rs^^ 

transfection efficiency of other transfection systems, such as liposomal transfection systmis. The 
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compc^ons and metiiods of tbe invention suitably en5)loy, in addition to the disclosed transport 
polymer, a variety of transfection systems, including, for cxasxsple, viral and non-viral delivery 
^sterns. 

Tlie transport polymer of the invention conqnises a linear or branched peptide. Because ttie p^Hd^ 
bond linkages oflbe transport polymer are metabolizable, there is ori^ The 
linear or branched peptide © is conqirised of at least 1 0 amino acid residues, (ii) has from about 5 to 
100% histidine residues, (iii) and has from 0 to about 95% non-histidine amino acid residues. The 
non-histidine amino acid(s) may all be the same amino acid residue or diey may be different amino 
acidxesidues. Thetransportpolymermay also consist entirely or essentiaDy of the pep 

The present invention also provides a novel pharmaceutical agent delivery conqx)sitiQn comprising: 
(i) the transport polymer, and (ii) at least one pharmaceutical agent in association witti the transport 
polymer. Components (i) and (ii) are preferably provided in a pharmaceutically suitable carri^. 

Also provided is a novel pluinnaceuticalagCTtdeUvery composition comp^ (i) fte transport 
polymer; (ii) at least one intracellular delivery coaq>onent in association wifli the transport polymeq 
and (iiQ at least one pharmaceutical agent in stable association wiffa the intracellular delivery 
co]iq)onCTt and/or Oe transport polymo:. Hie components (0,(ii) and (iii) are preferably provided in 
a pharmaceuticany suitable carrier. 

In one aspect, the intracellular deKvery con^nent of flie delivery composition comprises a lipid, 
preferably a cationic hind. Tbe cationic lipid may be in the form of a unilamellflr or TnnHilflmftll^r 
lilK>some. 

hi another aspect of the invention, the pharmaceutical agrat delivery composition cooqirises one or 
more helporlqnds in addition to a cationic Upid. Such helper lq)ids may include, for exanq>le, 
diloeleoy^>hosphatidylefhanolamine (DOPE) or cholesterol to enlmnce transfection. Ibe molar 
percentage of fliese help^ lipids is preferably between 5 and 50%. In addition, i)egylated lipids, 
which can prolong flie in vm> half-life of cationic lq)osomes, can be present, preferabty in molar 
percentages between 0.05 and 0.5%. 

hi another aspect of the present invention, flie intracellular deUveiy conqKment comprises a 
dendrimer. In oae embodiment of tins type, the intracellular delivery componmt and the 
pharmaceutical agent together form a dendrimer-DNA complex. 

Jn another aspect, the intracellular delivery component comprises a virus particle or a virosome. 
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Tlie phannaceutLcal agent can be a protein, a peptide, nucleic acid, an antisense oligonucleotide, a 
ribozyme, an RNA-cleaving DNA oligonucleotide, a cancer chemo&erapeutic agent, an infectious 
disease chemotherapeutic agent, a diagnostic agent, or a combination of the above. Where the 
phannaceutical agmt comprises a nucleic acid, such as a DNA or an RNA molecule, the nucleic acid, 
5 in one aspect, is provided as an e^qsression vector; flmt is, under control of elements which can express 
Ihe nucleic acid in a host cell. In another aspect, where the nucleic acid is an antisense, ribozyme, or 
an RNA-cleaving DNA oligonucleotide, an expression vector is not required. 

The invention also provides a pharmaceutical agent delivery composition 'v^erein the transport 
I>ol3nner and phamiaceutical agent are associated without the presence of a viral or liposomal canier. 
10 In this embodiment, the transport polymer prefembly contains frcmi about 40 to about 300 amino acid 
residues, and is preferably branched. 

hi apreferred aspect of tiie invention, Ihe transport polymer is a linear or branched peptide and has a 
foranila selected frran the group consisting of: IK-H-K-H-K-H-K-G-K-H-K-H-K] (SEQ ID NO: 1); 
IK-H-K-H-K-H-K-G-K.H.K.H.K-H-K] (SEQIDNO:2); CK-H-K-H-K-H.K.H.K^-K-H-K-H-K-H. 

15 K-H-K] (SEQ ID NO:3); [K-H-K-H-K-H-K-H-K^K-H-K-H-K-H-K-H-K-G-K-H-K^^ 

K] (SEQ ID NO:4); [K-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-K] (SEQ ID NO:5); [K-K-H- 
H-H-K-H-H-H-K-K-H-H-H-K-H-H-H-K-K] (SEQ IDNO:6); end-to-end repeats of one ormore of 
file above sequences; the reverse of any of the above sequences; a branched polymer of the formula 
[K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H-Klx+i Kx where x is equal to 1 to 30; and a branched 

20 polymer of flie formula [K-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-K] x+i Kx where x is equal 

to 1 to 30. In these formulas, K is lysine. His histidine, and G is glycine. In tiie disclosure, 
conventional l-letter amino acids symbols appty. 

The invention also provides methods for delivering a pharmaceutical agent to the interior of a cell, hi 
one aspect, Ihe phannaceutical agent is deUvered in vitro to a cell. In another aspect, the 

25 pharmaceutical agent is delivered widi an £sc iwo approach. In still anotiier aspect, tiie pharmaceutical 
agent is deUvered to the cell and/or tissue 01 vfvo. All of these metiiods conqsrise the step of 
adnunistering the pharmaceutical agent deUvecy composition to deUver the active agent to a cell. The 
cell may include any animal, plant or bacterial cell that is susceptible to intracellular delivery of the 
agent using the delivery coniposition. In one aspect, the cell is selected fixmi the groiq) consisting of 

30 lung cells, liver cells, endothelial cells, muscle cells, skin cells, hematopoietic stem cells and tumor 
cells. The tissue may include any organ or organs from plants or animals. 

In the ex vivo gene therapy method, the steps conqirise: (i) removing a cell from a subject; (ii) 
introducing a niicleic acid into the cell by contacting tiie cell with a pharmaceutical agent delivery 
composition comprising a nucleic acid active agent; and (iii) reintroduchig tiie cell into the subject. In 

-5- 



±DQ±SA:03 ^AiOSOi 



wo 01/47496 



PCTAJSOO/34603 



one aspect, the cell is selected fiom the group consisting of lung cells, liver cells, endothelial cells, 
muscle cells, skin cells and hematopoietic stem cells. 

4. Brief Description of tiie Drawings 

Figure 1 shows the effect of the transport polymer on transfection efBciency . Cells were grown 
5 between 60 and 80% confluency forty-ei^t hours after being plated. Transport polymer was mixed 
with DNA for 30 minutes. DOTAP liposomes were then added to histidine copolymot DNA noixture 
for an additional 30 minutes. Varying amounts of the H-K (19-mer)(SEQ ID NO:3) polymer (0, 1 .5, 
3, 7.5, 15 nmole), hposome (A-1.5, B-1.0, and C-0.5 jig), and DNA (0.75, 0^, and 0^5 fig) were 
mixed. After flie complexes were prepared, ihsy were diluted in OptiM and added to the cells for 4 
10 hours. Forty-eig^t hours later, the luciferase activity was measured. 

Figure 2. Bihanced Transfection with Histidine Cq[x>lymer in CHO and NIH-3T3 Cells. H-K (19- 
mer) (SEQ ID NO:3) polymer (7.5 nmole) was initially mixed with 0.75 \ig of DNA before adding 1 .5 
Hg of Uposomes. Transfection efficiency of liposome: DNA (PQ-Luc) complex vs. H-K; liposome: 
DNA in CHO 6x0.0002) andN[H3T3 (p<0.02) cells in the absence of soimi. 

15 Figare 3. Transport polymer length can affect the transfection effiden^ Transfection conditions are 
^milar^ previous)^ described exc^ tiiat different lengttis of the H-K polymer (13mer [SEQ ID 
NO:l], 19mer [SEQ ID NO:3], and 29ma [SEQ ID NO: 4]) were initial^ mixed with the DNA 
before adding liposomes. 7.5 nmole of i>o]^mer was mixed with the indicated amoimts of liposome 
and DNA. H-K:(13-mer), H-K(19-n]a:X H-K:(29-mer) vs. no polymer, p<0.05; H-K(13-mcr) vs. no 

20 polymer, at DNA concentrations of 0.75 and 0.5 jig, p<0.05; H-K(19-mCT), H-K(29-mer) vs. H-K(13- 
mer), p<0.05. 

Figure 4. Branching of the transport polymer can increase transfection efBciency. Optimal dose of 



Ihe^mous branched H-K polymCTs are designated in the figure. To determine the optimal dose of 
polymer, we varied the H-K polymer and the branched H-K polymors firom 0.3 ^ig to 75|ag. The 
25 polymers were mixed with 0.75 jig of DNA before adding 0.5 jig of Uposomes. The fold-increase in 
transfection due to the branching of H-K2b ("H-K2'0, H-K3b ("H-KS'*), and H-K4b ("H-K4'0 
polymers are con:q>ared to the H-K polymer. H-K3b or H-K4b vs H-K, pO.05. 

Figure 5. H-K Tran^Knt Polymer Can Enhance Transfection EfBciency in the Presence of Sermn. H- 
K: lQ)osome: PCI-Luc and hposome: Pd-Lac complexes were prepared as d^cribed in section 6JZ. 
30 The complex^ wa:e diluted in either OptiMCO) or OptiM wilh 1 0% senmi(H) and added to the cells 
for 4 hours. Luciferase activity was measured 48 hovirs later. H-K: l^some: PCI-Luc vs. Hposome: 
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PCI-Luc without serum, p<0.01; H-Ej liposome: Pd-Luc vs. liposome: PC3-Luc with serum, 
p<0.002. 

^|1gDre6. DNA Binding to Cationic LiposcHnes in the Presence of H-K Transport Polymer. EBstidine 
copolyDierinofeasedDNAbinding toUposomesfixmi 1.5 to3-f^^ * 
5 presmce or absence of serum. 

Figure 7. Order of Addition of Delivery Componmts Affects Transfection EfiBciency. The following 
order was used to prepare the transfection conq>lexes: A) DNA (D) + liposomes (L), B) DNA + 
histidine copolymer (P) for 30 minutes, then liposomes added for 30 minutes, C) DNA + liposome for 
30 minutes, followed by histidine copoljoner for 30 minutes, D) histidine copolymer and liposomes 
10 were mixed with each other for 30 minutes before adding DNA, and E) histidine copolymer, 

liposomes, and DNA were mixed simultaneously. After &e complexes were prepared, they were 
added to the cells in the presence or absence of 10% serum. 

Figure 8. Comparison of the H-K, S-El, and H-S Cqpotymers on Transfection Efficiency. Polymer 
liposome: PCI-Lik; and lq)05ome:PCI-Luc were prqpaied as d Afierthe 
15 complexes were p i'ep a i-ed, &ey were added to the cells in the presence or absence of 10% serum. H-K 
vs. other treatment groiq)s without serum, p<0.01; H-K vs. other polymers with serum, pO.OOl . 

Fignre j. Comparison of aiginine-histidine copolymer CBL-R) as conqiaied to H-K in enhancing 
transfection efficiCTcy. 

KgurelO. The effect of bafDLonxycin cm hiciferase activity using complex with or without histidine 
20 copolymer in CHO cells. H-K: liposome: PCl-Luc and liposome: PO-Luc coinplexes were pre^ 

as described in section 6.2. CeUs were treated as in Figure 1 with 10 ng^bafilomycin added to cells 
at flie same time as transfection agents. H-El: lqx>some: PO-Luc with Bafilomycin vs. H-K: 
liposome: Pd-Luc, p<0.002. 

Figure 11. Histidine Tran^>ort Polymer Increases zn vfv€» Transfection E£^ One week after 
25 injection of MDA-MB-435 cells bilaterally into fte mammary fat pads of nude mice, and tumors were 
visibly present con^lexes were injected into the tumogrs. The liposome: PO-Luc complex was 
injected into one tumor whereas the H-EL: lqx>some: PCI-Luc conoplex was injected into the 
contralateral tumor. , Each tumor was injected with 25 pi of a solution cont 
lq)OSomes, 22 nmole of the histidine copolymer, and 234 pg of DNA. Twenty-four hours after 
30 injection, the luciferase values were measured. H-K: lq)osome: Pd-Luc vs. liposome: Pd-Luc 
con^lexes, p<0.002. See section 6JZ for fiirflier details on preparation. 
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Kgurel2. CkHnparison of H-K polymer with poty-L-lysine polymer, wife and without serum. 
Compared to poly-L-lysine (PIL), the H-K polymer aibances the transfectian efficiency of Pa-Luc 
in MDA.MB-435 cells. Hie H-K or PLL polymer (25 pg) was initially mixed widi 0.75 ng of DNA 
before adding IJ jig of liposomes. H-K vs. poly-L-lysine without serum, p<0.005; H-K vs. poly-L- 
lysine with serum, pO.OOOl. 

KgnrelS. The order of the H-K amino acids can affect teansfection efficiency. Polymers H-K 
(SEQ ID NO:3). Y-HK (SEQ ID NO:7), and Y-HH (SEQ ID NO:8) were mixed initially with DNA 
and then liposomes were added as previously desoibed. Conqwied to H-K or Y-HK, the Y-HH 
polymer significantly enhanced the iqrtateofliposomes in the presence or a^ Since 
the Y conqxxnent (Y-G-R-K-K-R-R-Q-R-R-R) was present in both the Y-HK and the Y-HH 
polymers, the sequence in the Y-HH polymer that enhanced uptake is the HH component (H-H-K-H- 
H-K-H-H-K-H-H-K-H-H-K). 

^orel4. Conq»arison of fee effect of histidine order and Mstidine copolymer concentration on the 
abiHty of a polymenDNAliposome complex to stimulate transfection efficiency. Four cqpolymets, 
H.K(19-mer) (SEQ ID N03), HHH-K (SEQ ID NO:6), HH-K (SEQ ID NO:5), and K-HK (SEQ ID 
NO:9) were compared. At the highest concentration of polymer used, the HHH-K polymer was the 
most effective of the four at Hansfecting DNA when used in combination with liposomes; however, at 
lower concenliations the HHH-K polymer is not as effective as the other three polymers tested. One 
microliter of polymer solution equates to 15 |ig. 



F^nrelS^ The effect of adding transition metals on fee transfection efficiency of a polymenDNA 
complex. 0.25 |ig H-K2b, 0.125 ^g H-K3b, ot 0.125 |ig H-K4b were initially mixed with 0.75 jig 
DNA After 30 minutes, cationicl^somes were added for 30 mmutes. was then added in an 
amountianging fiom 0 to 2.00 ng/W. As a control, various amounts of zinc were added to the 
liposome J>NA complex. The additian of zinc can oihance Uansfection efBciem^ of 
25 polymerlqxtsome J}NA complexes. 

g*8M-e^<^ Ttansfecton of MDA-MB.435 cells wifli either PEI or a H-K2b:liposome earner. PEI 
and an H-K2b:liposome carrier were compared for flieir ability to transfect MDA-MB-435 ceDs in flie 
presence or absence of serum. Forfy-eigjit hours after transfection, hicifetase activity was detennined. 
The condnnatian of H-K2b and Iqtosomes sigmficanfly in^jroved tians&ctian con^aied to PEI (* 
30 p0.01,H-K4baiposomevs. PEI). 

-BsaisJZ Schematic structure of exeniplaiyhistidine-lysine branched transport polymers. Lione 
aspect of the invention, branched polymers consist of polymers emanating fiom a lysine core. The 
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branches of the polymer can emanate from non-consecutive lysines, or as depicted here, from 
consecutive lysines. R represents K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H-K f^^ 
of branched polymers and K-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-K for the HH-K series of 
branched polym^s. 

5 Figure 18. The branched transport polymer can increase transfection efiBciency of a plasmid and 
uptake of ohgonucleotide m flie absoice of liposome, a) 7.5 nmol of H-K or 0.375 mnol of HH-K4b 
was mixed with PCI-Luc, and luciferase activity was measured as described in section 6.2. Ihe 
branched HH-K4b polymer showed better transfection efficiency than the linear H-K polymer (* 
p<0.05, HH-K4b vs. H-K). b) The branched HH-K4b polymer significantly enhanced iqjtake of 
10 ohgonucleotides when compared to a linear HK polymen ohgonucleotides conq[>lex (* p<0.05, Mann- 
Whitney Rank-Sum Test). The same amount of H-K » HH-K4b was mixed with 0.75 jxg of a 5'-end 
fluorescein-labeled randomly generated ohgonucleotide (32-mer) for 30 minutes. This complex was 
added to the MDA-MB-435 cells for 4 hour incubaticm. 24 hours later, the cells were then washed, 
and measured by CytoFluor fluorescence Measurement System. 

15 5. Detailed Description of tiie Invention 

5.1 Definitions 

The term ^amino acid^ is inclusive of the 20 ccmmion amino acids, as weU as ^onstan 
acids," for exanq)le, D-amino acids and chemically (or biologically) produced derivatives of 
'^common** amino acids. 

20 A compound is ^associated with" a second compound if the two compounds have formed a complex 
as a result of covalent or non-covalent interactions between the two compoimds. 

The term "copolymer** refers to a polymer that contains two or more types of imits, regardless of the 
arrangement of units along the chain (random, alternating, block, graft), and regardless of its 
molecular structure (linear or branched). The term 'liistidine copolymer*' means that the copoljraer 
25 comprises histidine as one of its unit types. The term "tranqxnt polymer" means a polymer 
comprising the faistidine copolymer of the invention. 

The term "peptide** is inclusive of both straight and branched amino acid chains, as well as cycUc 
amino acid chains, which comprise at least 2 amino acid residues. The term "polypeptide" is 
inclusive of both straight and branched amino acid chains, as well as cyclic amino acid chains, which 
30 comprise at least 2 amino acid residues. The terms "peptide** and "polypeptide** are used 
interchangeably herein. 
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The term 'Issranched peptide" is inclusive of any peptide having at least one amino add covalmily 
attached to a side-groiq) of another amino acid. An amino acid having a side-groiq> by which a 
peptide has attached is lefened to as a '^ranclung amino add." 

The term "lipid" includes any chemical species having a hydrophobic and a hydrophiUc part such as 
5 to enable the ctemicdspedes to become incoiporated into a miceUe Hydrophilic 

characteiistics typically derive from the presence of phosphato, caiboxyUc, sul&to, amino, sulffaydiyl, 
nitro, and other like groups. Hydrophobicity is conferred by cholesterol and derivatives and by the 
inclusion of groins that include, but are not lindted to, long chain saturated and unsaturated alQ)hatic 
hydrocarbon groups and such groiqis substituted by one or more aromatic, cycloalq>hatic or 
10 heterocychc group(s). 

The term "non-catiomc lipid" refers to any of a number of lipid spades that exist dther in an 
uncharged fonn, a neutral zwitterionic form, or an anionic form at physiological pH. Such lipids 
include, for example diacylphosphatidylcholine, diacylphosphatidylefhanolamine, ceramide, 
sphingomyelin, cephalin, cardiolipin, cerebrosides, DOPE, and cholesterol. 

15 The term ^cationic Upid" refers to ax^ of a nuniber of Upid spedes which carries anet positive charge. 
Such lipids inchide, but are not limited to, DODAC, DOIMA, DDAB, DOSPER, DOSPA, DOTAP, 
DC-Chol and DMRIE. Additionally, anumber of commercial prq)arations of cationic Iqnds are 
available which can be used in the invention. These include, for example, UPOFECTIN Registered 
TM (commercially available cationic lq)osomes comprising DOTMA and DOPE, firom GIBCO/BKL, 

20 Grand Island, N.Y., USA); IIPOFECTAMINE Registered TM (commercially available cationic 
liposomes comprising DOSPA and DOI^, fitxm GIBCO/BRL); and TRANTSFBCTAM Registered 
TM (commercially available cationic liposomes conqnising DOGS from Promega Corp., Madison, 
Wis., USA). 

A '"pharmaceutical agenf* includes any therapeutic agent useM in preventing, delaying or reducing 
25 the severity of flae onset of a disease, or in reducing the severity of an ongoing disease, or in 

chancing normal physiological functioning, as well as diagnostic agents, for exanq)le, a marker gene 
(GFP, luciferase). A ^'pharmaceutical agenf ' may consist of one or more fher^eutic agents, one or 
more diagnostic agents, or a combination of one or more therapeutic and one or more diagnostic 
agents. 

30 A ^Hherapeuticany ^ective amount^ is an amount necessaiy to prevoit, delay or reduce Ifae severity 
oftheonset f disease, or an amount necessary to ancestor reduce flie severity of an ongoing di 
and also includes an amount necessary to enhance nonnal physiological functioning. 
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As used herem, a "^hannaceutically accq>table'' conqjonent (such as a salt, carrier, exdpient or 
dfluent) of a pliammceutical agent delivery compositioa according to the ixresent invention is a 
component which (1) is conq>atible ivilh the other ingrediCTts of flie delivery composition in lhat it 
can be included in the delivery composition without eliminating flie cq^acity of the oompositiQn to 
5 deliver the pharmaceutical agent; and (2) where the delivery conqx)sition is intmded for therapeutic 
uses, is suitable for use with an animal (e.g., a human) without undue adverse side efiTects, such as 
toxicity, irritation, and allergic r»ponse. Side effects are "undue** when ttieir risk outwei^ ttie 
benejGit provided by the pharmaceutical agent 

The word "transfect" is broadly used ha:ein to refer to intrioduction of an exogenous oompoimd, such 
10 as a polynucleotide sequence, into a prokaryotic or eukaiyotic cell; the term includes^ without 
limitation, introduction of an exogenous nucleic acid into a cell, which may result in a permanent or 
ten^xirary alteration of genotype or in an immortal or nonrinomortal cell line. 

As used herem, the tmn '"physiologic pH" is defined as a pH between about 7.2 and about 7.5. 

The term "ih vfvo" includes therapy based on injection, whether intravenous or local (e.g., 
15 intratumoral, intramuscular, subcutaneous, intratracheal, intravenous, injection into organ or airway 
directly, injection into vessels ofthecHgan, or aerosolized into ai The term vrwo** also 

includes therapy based on electroporation of tumor, tissue, or organ. 

5 J! Pharmacentical Agent Delivery Gomposttioiis 

In one embodiment, the pharmaceutical agent deUvery conq>osition comprises: (i) a transport 
20 polymer; and (ii) at least one pharmaceutical agent in association with Hic transport polymer. 
Components (i) and (u) are preferably provided in a suitable carrier, such as a pharmaceutically 
acceptable carrier. In this embodimerit, there is preferably no viral or liposomal cont^ 
transport polymer preferably conqnises a branched histidine copolymer. In this embodiment, it is 
preferred that the complex formed by the transport polymer and the pharmaceutical agent be stable at 
25 a pH between 5.0 and 7.4. 

In another embodiment, the pharmaceutical agent delivery composition comprises: (i) the transport 
polymer; (ii) at least one intracellular delivery con^Kmoit in association wifli the transport polymer 
and (iii) at least one pharmaceutical agent in association with the intracellular delivery component 
and/or ttie transport polymer. A prefenied method of maJdng this embodimeiit is by combining (i) 
30 and (ii) for a time sufficient for the transport p lymer and the pharmaceutical agoit to associate into a 
stable complex. Where ttie pharmaceutical agent is nucleic acid, the intracellular delivery component 
preferably comprises lipids, and more preferably, cationic Iqnds. The con^xments (i), (ii) and (iii) aie 
also preferably provided in a suitable earner, such as a pharmaceutically acceptable carrier. 
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5.2.1 Transport polymer 

In the above mibodiment, the transport polymer coirqjrises a straight or branched polypeptide 
comprising histidine and non-histidine residues. The non-histidine residues may be &e same or 
different. 

5 The polypeptide preferably contains about 10 to about 300 amino acid residues, more preferably 10 to 
ISO amino acid residues, still more preferably from 10 to 100 amino acid residues. When the 
polypeptide is linear, the preferred length is general^ less &an about SO amino acid residues. Where 
the polypeptide is branched, the preferred number of r^dues is greater than about 40, preferably from 
about 40 to about 300 amino acid residues. Where the pharmaceutical agent delivery composition 

10 does not contain an intracellular delivery component^ the polypeptide is (i) preferably branched and 
(if) comprised of at least about 40 amino acid residues, preferably from about 40 to about 300 amino 
acid residues. 

In a preferred form, the transport polymer comprises from about 5 to 100% histidine residues, more 
preferably from about 10 to 100% histidine residues, still more preferably from about 20 to about 80% 

15 histidine residues, and still more preferably from about 40 to aboiit 60% histidine residues. The 

histidiae residues of the polypeptide are preferably uniformly interspersed into the transport polymer 
structure. The amino acids of the transport polymer are preferably distributed such that there is at 
least one histidine residue in every subsegment of 2 to 5 amino acid residues, more preferably at least 
one histidine residue in every subsegment of 2 to 4 amino acid residues, still more preferably at least 

20 one histidine residue in every subsegment of 2 to 3 amino acids, and most i)referably about one 

histidine residue in every subsegment of 2 amino acids. In another aspect of the invention, the amino 
acids are distributed such that there is 1 to 5 histidine residues in every subsegment of 2 to S amino 
acid residues, more preferably 1 to 4 histidine residues in every subsegment of 2 to 4 amino acid 
residues, still more preferably 1 to 3 histidine residues in every subsegment of 2 to 3 amino acids, and 

25 id^lly 1 to 2 histidine residues in every subsegment of 2 amino acids. 

The transport polymer may contain from 0 to about 95% non-histidine amino acid residues, more 
ineferably from about 10 to about 90% non-histidine residues, stai more xxreferably from about 20 to 
about 80% non-histidine residues, and still more preferably from about 40 to about 60% non-histidine 
residues. The non-histidxne residues aie preferably distributed such tha^ 
30 * one non-histidhie residue in every subsegment of 2 to 7 amino acid residues 

The non-histidine amino acid(s) may aU be the same amino acid residue or they may be different 
amino acid residues. Where fb& pharmaceutical agent has an overall negative charge (far exanqile, 
nucleic acid) the n(m-histidine amino acid(s) are preferably selected from the group consisting of 
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amino acids witti a side*group tiiat carries a positive chaige at physiological pH (for example, lysine 
and aiginine). More preferably, fhe non-histidine amino acid(s) com^^ In one 

aspect of the inventi<ni. Hie non-Ustidine amino acid(s) are all lysine. 

Hie non-faistidine amino acid(s) are also suitably selected from the groiq> consisting of amino acids 
5 with a side-gzx>iq> tiiat carries a negative charge at physiological pH (for exanq>le, aspartic acid and 
glutamic acid) as well as amino acids that are neutral at physiological pH (for exaniple, glycine and 
serine). 

Preferably, non-Mstidine amino acid(s) are selected so as to tailor the transport i>olyzner to the 
particular pharmaceutical agent and the intmded method of association. Thus, wha:e the 
10 pharmaceutical agent is a nucleic acid (overall negative charge) and non-covalent association with the 
transport polymer is desired, the non-histidine amino acid(s) are preferably selected fix)m the group 
consisting of amino acids with a side-group that carries a positive charge at physiological pH. In 
contrast, if the pharmaceutical deUvery composition is comprised of covalently associated transport 
polymer andpharmaoeutical agent, the selection of non-histidine amino acids is less restricted. 

15 In a preferred aspect of the invention, tiie transport polymer is a linear or branched polypeptide and 
has a formula selected from the groiqp consisting of: [K-H-K-H-K-H-K-G-K-H-K-H-E] (SEQ ID 
NO:l); [K-H-K-H-K-H-K^-K-H-K-H-K-H-K] (SEQIDNO:2); [K-H-K-H-K-H-K-H-K-G-K-H-K- 
H-K-H-K-H-K] (SEQ IDNO:3); [K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H-K^-K-H-^^ 
H-K-H-K] (SEQ ID NO:4); [K-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-K] (SEQ ID NO:5); 

20 P&-K-H-H-H-K-H-H-H4:-K-H-H-H-K-H-H-H-K-K| (SEQ ID NO:6); end-to-end repeats of one or 
more of the above sequences; Ifae reverse of any of the above sequences; a branched polymer of the 
fonnula |K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H-K^ Kx where x is equal to 1 to 30; and a 
branched polymer of the formula ^-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-H-K-H-K] x+i Kx where 
X is equal to 1 toBO. 

25 M one specific aq>ectof1heirivention, the transport polymer conqir^ In 
this aspect, tisepolypqitide is conqirised of abackbone peptide and preferably between 1 and 30 
pqptide branches covalentiy attached to branching amino acid residues of the bacl^^ It 
will be leadity appreciated by those of skill in Ifae art that the toanching amino acid residues of Ifae 
peptide bacldione may be sq>arated by one or more n<m4nmLcfaii]gami^ Peptide 

30 branches can be joined to brancfamg amino acids by any type of covalent bond, including, but not 
limited to, polypeptide bonds, ester bonds and disulfide bonds. 

Branching amino acid are preferably selected from the group consisting of amino acids with a firee 

amino side chain groiq>, for example, diaminobutyric acid, lysine, arghune, ornithine, 
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diamino propionic acid and citnilline. Branching amino acids may also be selected from th^ 
consisting of amino acids with a fiee carbo^l side chain group, for exan^le, glutamic acid, aspartic 
acid and homocitruUine. The backbone peptide can also be made iq> of several different branching 
amino acid residues. Preferably the branching amino acids are lysine. 

5 Peptide branches are preferably independently selected fiom Ihe group consisting of linear or 

branched polypeptides (i) at least from about 1 0 amino acid residues, (ii) conqnismg fiom about 5 to 
1 00% histidine residues, (m) and comprising from 0 to about 95% nonrfaistidine amino apid residues. 
In a preferred aspect of the invention, fte peptide branches of the invention have a formula selected 
fixMtn tiie gjcoup consisting of: IK-H-K-H-K-H-K-G-K-H-K-H-^ (SEQ ID NO:l); [K-H-K-H-K-H-K- 

10 G-K-H-K-H-K-H^K] (SEQ ID NO:2); [K-H-K-H-K-H-K.H-K-G-K-H.K-H-K-H-K-H.K] (SEQ ID 
NO:3); [K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H-K-G-K-H-K-H-^^ (SEQIDNO:4); 
[K-H-K-H.H-K-H-H-K.H-H-K-H.H.K-H.H-K-H-K] (SEQ ID NO:5); tK-K-H-H-H-K-H-H-H-K-K. 
H-H-H-K-H-H-H-K-K] (SEQ ID NO:6); end-to-end repeats of one or more of the above sequences; 
flie reverse of any of the above sequences; pC-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H-KIx+i 

15 where x is equal to 1 to 30, but more preferably 1 to 5; and [K-H-K-H-H-K-H-H-K-H-H-K-H-H-K- 
H-H-K-H-K] 3cfi Kx wherex is equal to 1 to 30, but more preferably 1 to 5. 

The transport poljoner nsay intei:act with an intraceUu^ 

through nonrcovalent or covaloit interactions. For exanq>le, where the transport polymer consists 
only of a linear polypeptide, the transport polymer, by pseudotyping viruses to encode its polyp^tide, 
20 can become part of the viral coat 

The transport poljoner may interact with a pharmaceutical agent through non-covalent or covalent 
interactions. Alternatively, the transport polymer does not have to int^act directiy with the 
pharmaceutical agent, but rather, the pharmaceutical agent interacts with the intracellular delivery 
component(s), which in tum interact with the transport polymer, in the context of the overall complex. 

The transport polymer msy also comprise a polypeptide-'^synthetic monomer^ copolymer. In tins 
embodiment the transport polymer backbone comprises covalendy linked segments of polypeptide 
and segments of synthetic monomer or synthetic polymer. Preferabfy, the synthetic monomer or 
pofymsr is biocompatible. Preferable synthetic monomers include effaylenicalfy or acetylenically 
unsaturated monomers containing at least one reactive site f<n: binding to the pol^^ Suitable 
monomers as well as methods for pre paring a polypeptide-'^synthetic monomer^ copolymer are 
d^cribed in U.S. Patent 4,51 1,478, for "Polymerizable compounds and methods for preparing 
synthetic polymers fliat integrally contain polypeptides,** by Nowinski et al, which is herein 
incorporated by reference. 
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SJZJ2 Intracellidar Delivery Component 

The pharmaceutical agent delivery composition of the invention suitably comprises an intracellular 
delivery component. The intracellular delivery component can be viral or non-viral component. 

Suitable viral intracellular delivery conxponents include retroviruses (e.g., murine leukemia virus, 
avian, lentivirus), adenoviruses and adeno-associated viruses, herpes simplex viruses, ihinovirus, 
Sendai virus, and Poxviruses. 

Suitable non-viral intracellular delivery components include lipids and various lq>id-based substances, 
such as hposomes and micelles, as well as various polymers known in the art 

Suitable lipids include, for exan^le, phosphoglycerides, sphingolipids, phosphatidylcholine, 
phosphatidyleftanolamine, phosphatidylserine, phosphatidylinositol, phosphatidic acid, 
pahnitoyloleoyl phosphatidylcholine, lysophosphatidylcholine, lysophosphatidyletibanolamine, 
dipalmitoylphosphaticfylcholine, dioleoylphosphatidylcholine, distearoylphosphatidylcholine, 
diliaoleoylphosphatidylcholine, glycoq>hingolipid, a^^>hipathic lipids. The lipids may be in tiie form 
of unilamellar or multilamellar liposomes. 

TTie intracellular delivery component preferably comprises a cationic lipid. Many such cationic lipids 
are known in the art A variety of cationic hpids have been made in which a diacylglycerol or 
cholesterol hydrophobic moiety is linked to a cationic headgroup by metabolically degradable ester 
bond, for exan?>le: l,2-Bis(oleoyloxy)-3-(4'.trnnefhylammonio)propane O^OTAP), l,2-dioleoyl-3- 
(4'-trimefliylammonio)butanoyl-sn-glycerol (DOTB), l,2-dioleoyl-3-succinyl-sn-glycerol choline 
este: (DOSC) and cholesteryl (4*-trimethylammonio)butanoate (ChoTB). Other suitable lipids include 
cationic, non-pH sensitive lipids, such as: l,2-dioleoyl-3-dimetiiyl-hydroxyethyl armnoniimi bromide 
(DORI), i;2-dioleylojypropyl-3-dimetltyl-hydroxyethyl ammonium bromide (DORIE), and 1,2- 
dimyristyloxypropyl-3-dimethyl-hydro3Qrefhyl ammonium bromide (DI^RJDE). Other non-pH- 
sensitive, cationic lipids include: 0,0'-didodecyl-N-[p-(2-trimethylainmomoethyloxy)berizoyl]- 
N^,N-trimethylammonium chloride, Lq>ospermine, DC-Chol (3 beta [N-(N', N"- 
dimethylaminoefliane) carbonyl]cholesterol), lipopoly(L-lysine), cationic multilamellar liposomes 
containing N-{ alpha -trimethylammonioacetyl)-didodecyl-D-glutamate chloride (TMAG), 
TransfectAC3E TM (1 :2.5 (w:w) ratio of DDAB which is dimefliyrl dioctadecylammonium bromide 
and DOPE) (GIBCO BRL) and lipofectAMINE TM (3:1 (w:w) ratio of DOSPA which is 2,3- 
dioleyloxy-N-[20([2,5-bis[(3-amin(q>ropyI)amino]-l -oxypentyl]ainino)ethyl]-NJSr -dimethyl-2,3- 
bis(9-octadecenyloxy>l-propanaminium trifluoroacetate and DOPE)(GIBCO BRL). Othsr suitable 
lipids are described in U.S. Patent 5,965,434, for "Amphipathic PH sensitive compounds and delivery 
syst^ns for dehvering biologically active conqjounds," by Wolff et al. 
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Prefenned cationic lipids are those that fonn liposomes in a physiologically conq>atible envinnmieDt 
Suitable cationic lipids include, for exaxnple» cationic hpids selected fiom the groiq> consisting of 1^- 
dioleyfli^loxypiopyl-3-trimethyla2mnoniumfarQn^ l^-dimyristyloxypropyl-S-diinetbyl- 
hydro3r/efhyl ammoniuni bromide; dimethyldioctadecyl ammonium bromide; l^-dioleoyl-3- 
5 (trimethylammonium) propane (DOTAP); SpfN-^N' J^-^hmetfaylaminoefhrn^ 

ODC-cholesterol); 1^ dioleolyl-sn-glycaro-3-ethylphosphocholine; 1^ dimyristoly-sn-glycero-S- 
eflr^hosphocholine;[l-(2^-diol-eyloxy)propyl]-N^, N- trimethyl-aimnonium chloride (DOTMA); 
13-^oleoyloxy-2-<6-carbo3Qrspermyl) propylamide (DOSPER); 23-dioleylo}Qr-N-[2(iqpermine- 
caiboxyaniido)ethyl>N^, dimethy-l-propanamoniumtrifluoroacetate (DOSPA) ; and 1^- 
1 0 diniyrislylo7Qrpropyl-3-<]ime1hyl-faydroxyethyl ammonium bromide (DMRIE). 

Cationic lipids may be used with helper lipids such as diloleoylphosphatidylettiaaolaiiiine (DOPE) or 
cholesterol to enhance transfectiorL The molar percentages of these helper lipids in cationic 
liposomes are between 5 and 50%. In addition, pegylated lipids, which can prolong the in vivo half* 
life of cationic liposomes, can be present in molar percentages between 0.05 and 0.5%. 

15 5^3 Pharmaceutical ^ent 

The pharmaceutical agent delivery composition of the invention suitably comprises a pharmaceutical 
agent selected fix>m the grotip consisting of a protein, a peptide, a nucleic acid, an antisense 
oligonucleotide, a ribozyme, an RNA-cleaving DNA oligonucleotide, a cancer chemotherapeutic 
agent, an infectious disease chemotherapeutic agent, a diagnostic agent, and any conibination of two 
20 or more of the above. 

Wilh respect to nucleic acid delivery applications, Ihe pharmaceutical agent suitably comprises a 
nucleic acid, such as DNA or KNA. The micldc add is preferably associated with control elements to 
express the nucleic acid in the target cell population. The expression vector may include inducible or 
non-inducibleproinotersiireceding the expressed DNA. Examples of inducible promoters include 

25 Tet, ecd^rsone, or steioid-metallotbionine promoters. Examples of constitutive non-inducible 

promoters include long terminal repeat (LTR), simian viral, phosphoglycerate kinase (PGK), b-actin, 
or cytomegalovirus (CNfV) promoters. Furthennore, tibbe promoters aUow general (CMV, PGK) 
specific expressioQ (e.g. alpha fetoprotein, tyrosinase) of coding DNA. The viral or plasmid based 
delivery systems nmy contain multq>le promoters to enhance tr Moreover, flie vector DNA 

30 may incliide IRES (internal ribosome entry site) between differed 

fortiietrandationofmoretiianoneix>lypeptidefiiom1faesanQ^tra^^ Alternatively, a plasmid or 
a virus can also express tiie phannaceutical agent Formulation ofnucleic acid for expression in gene 
Iher^ is described extensively in flie literature. 
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A phamiacatfical agoit can interact with a traosport polymer and/or an intracellular delivery 
coaqxment by noo-covalent or covalent interactions. Where flie pharmaceutical agent is not nucleic 
acid, covalent attachment between the transport polymer and pharmaceutical agent is preferred. Such 
covatent attachment may be direct, for example throu^ a -COOH group (s) of the polymer with an - 
NH2 or -OH smap of flie pharmaceutical agmt or flie reverse. AKematively, the pharmaceutical 
agent may be attached to the transport polymer using a couphng agent, such as di-caiboiimide. After 
tiiB coiq>hng reaction, analysis of the number of pharmaceutical agent molecules attached to polymer 
can thai be (ktomiiied by NMR and mass spectroscopy. These methodologies are well known to 
those skilled in the art 

5J2A Ofli^C^n^MnenfeoftiiePharinacenficali^eiit Delivery Composition 

The pharmaceutical agent delivery conaposition may include further coniponents to oihance 
transfection to preserve reagents, or to enhance stabihty of the delivery complejc For example, 
stabilizing conqwunds such as polyethylene glycol can be covalently attached to either fbe Upids or to 
the transport polymer. 

The pharmaceutical agent ddiveiy conqwsition m^ include a suitable bufifer solution M^ose pH is 
between 4 and 7.4. Preferably within two hours of n^itralizing acidic sohttions to between 5.0 and 
7.4, the pihannaceutical agent ddiveiycan^ositioin is admimstored. Ibe various conqKmenls of &e 
idiannaceittical agent delivery conqmsition lyopbilized a^ 

5.0 and 7.4 for use. Stability and soIuWUly of flie poltymer, particulaiiy wbeai cataplexed to large 
negativefy charged macramolecules such as DNA, is maintained at sli^y acidic solutions. 

The pharmaceutical agent delivery composition of the invention may include a dendrimer. The 
mtnacellular deUvery component and the pharmaceutical agent may together annprise a dendiimer- 
pharmaceutical agent conq)lex- For instance, a dendrimer and nucleic acid may togettier conqirise a 
dendrimer-DNA conq>lex. 

The phannaceotical agent delivery conqiosition also suitably inchides various delivoy-enhancing 
con^Kments known in flie art For example, flie conqwsition may inchideconqwunds known to enter 
flie nucleus or Hgands subject to receptor-mediated eodocytosis, and flie fike. For exznsple, flie Ugand 
may coinprise a fusogenic viral peptide to disrupt endosomes, allowing fiie nucleic add to avoid 
lysosomal d^gcadatian. Oflier exanqiles of delivoy-eohancing components include nuclear proteins, 
adenoviral particles, transferrin, sur&ctant-B, anti-flsombomodulin, intercalatmg agents, 
hemaggjutinin, asialglycoprotein. cMoroquine, colchicine, integrin Hgands, LDL receptor ligands, and 
viral protems to maintain e^nessian (e.g. int^^ase, LTR elements, rep proteins, otiP and EBNA-1 
proteins) or viral coaqxjnents flat intoact wifli flie cdl surfece proteins (e.g. ICAl^ HA-1, MLV's 
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gp70-phosphate transporter, and mV's gpl20-CD4). Delivery enhancing components can be 
covalenHy or non-covalently associated wifli the transport polymer, the intracellular delivery 
conqKment, or the phannaceutical agent For instance, dehvery to a tumor vasculature can be targeted 
by covalentiy attaching a -RGD- or -NGR- motif (3435). This could be accomplished using a peptide 
synfhesiza- or by cox^Kng to amino groups or caiboxyl groiq>s on the transport polymer with a water- 
sohibledi-caibodiimide(e.g., l-ethyl-3-(3-dimet]^aminopropyl)caiboiimide). Both of these mefliods 
are known to tiiose fasaSiar with the art 

The phannaceutical agent delivBiy compositian also suitably con^jrises a transition metal ion, such as 

azmcion. As shown m tte exanq>le, the presence of transition metal in the conq)lexes can enhance 
transfection efficiency. 

53 Methods for Makii^ Transport polymers 

Polypeptides of the invention can be chiamcaSiy synthesized and purified by techniques well know in 
theart* 

Polypeptides can be synthesized by employing the N-a-9-fluoiBnyhnethyloxycaibonyl or Fmoc soKd 
phase polypeptide synth^ chemistry using a Rainin Symphony Multqilex Polypeptide Synthesizer. 

The standard ijycle used for coiq)ling of an amino acid to the polypeptide-resin growing chain 
generally inchides: (I) washing the polypeptide-resin tiiree times for 30 seconds wifliN,N- 
dimeftytfiramamide (DMF); (2) removing the Fmoc protective group on the amino terminus by 
deprotection wifli 20% piperdine in DMF by two washes for 15 minutes each, during which process 
minng is effected by bubbling nitrogen through the reaction vessel for one second every 10 seconds 
to prevent polypeptide-resin settling; (3) washing the polypeptide-resin three times for 30 seconds 
with DMF; (4) coupling the amino acid to the polypeptide resin by addition of equal volumes of a 250 
mM solution of the Fmoc derivative of the appropriate amino acid and an activator mix consisting or 
400 mM N-melhyhnoipholine and 250 mM (2-(lH-benzohia2ol-l-4))-l,l,33-te1ramefliyluromum 
hexafluorophosphate (HBTU) in DMF; (5) allowing the sohrtion to mix for 45 minutes; and (6) 
washing the polypeptide-iesin three times for 30 seconds of DMF. This cycle can be repeated as 
necessary with the q)propriate amino adds in sequence to produce the desired polypeptide. 
Excqjtions to this cycle program are amino acid couplings predicted to be difficult by nature of their 
faydrophobicity or predicted inclusion within a helical formation during synthesis. For these 
situations, die above cycle can be modified by rqjeating step 4 a second time immediately i^on 
con^Ietion of the first 45 minute coiq;)ling step to "double couple" the amino acid of interest 
Additionally, in the first coi^Hng step in polypeptide synthesis, tiie resin can be allowed to sweU for 
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more efficient coupling by increasing fiie time of mixiag in the imtial DMF washes to three IS mfm itft 
washes rafhor than three 30 second washes. 

After polypeptide synthesis, the polypq>tide can be cleaved from (1) washing the 

polypeptide-iesin three times for 30 seconds with DMF; (2) rmioving the Fmoc protective group on 
5 Ihe amino tenninus by wadimg two times for IS mini^ (3) wasfaingtiie 

polypeptide-zesin three times for 30 seconds witti DMF; and (4) mixing a cleavage cocktail consistmg 
of 9S% trifhioroacetic acid (TFA), 2.4% water, 2.4% phmol, and 0^% triisopropysilane with flie 
polypeptide-iesin for two hoins, then fUtering the jxolypeptide in the cleavage cocktail away fixmi fiie 
resin, and precipitating the polypeptide out of solution by addition of two volumes of efliyl ether. 

10 Specifically^ to isolate Ifae polypeptide, fiie ether-polypeptide soluticm can be allowed to sit at -20 
for 20 minutes, then centrifuged at 6,000kG for 5 minutes to pellet the polypeptide, and the 
polypeptide can be washed three times witii efliyl ether to remove residual cleavage cocktail 
ingredients. The j5nal]x>fypq>tide product can be purified by reversed phase U^pr^^ 
chromatography (RP-HFLC) wifii the fsrimaiy solvent consisting of 0.1% TFA and flie eluting buffer 

15 consisting of 80% acetonitrile and 0.1% TFA. The purified polypeptide can tben be lyophiUrcd to a 
. powder. 

The invention also provides a transport polymer com pr i si ng a branched polypeptide. Branched 
versions of the transport jjolymer of tiie present invention are made by including Gne or more amino 
acids within the amino acid sequence with a fiee side chain capable of forming a polypeptide bond 
20 with one or more amino acids (and thus capable of forming a '^canch'O, and reacting a side chain to 
that locus. 

Branched polypqytides may be prepared by any m^od known in the art for covalentiy linking any 
naturally occurring or synthetic amino acid to any naturally occurring or synthetic amino acid in a 
polypeptide chain ^^ch has a side chain groiq) able to react with flie amino or carbo^^l group on flie 

25 amino acids so as to become covalenily attached to the pol3fpq3tide chain. In particular^, amino acids 
with a fiee amino side chain group, such as, but not limited to, diaminobutyric acid, tysine, arginine, 
ornithine, diaminqprqpionic add and citrulline, can be incorporated into a polypeptide so that an 
amino acid can form abranch flierewitti, for example, by forming a pol^eptide bond to the jBree 
amino side group, from that r^due. Alternatively, armno acids wifli a fi:eecaiboxyl side chain groiQ>, 

30 such as, but not limited to, glutamic acid, a&partic add andhomodtrulline, canbe incorpOTated into 
tiie polypeptide so that an amino add can fisrm a branch therewith, for example, by forming a 
polypeptide bond to the finee caibo^l side groiq>, from that residue. The anuno add fiuiumg the 
branch can be linked to a side chain gro«q> of an amino add in tiie polypeptide chain by any type of 
covalent bond, including, but not limited to, polypqptide bonds, ester bonds and disulfide bands. 
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For exanq)le, but not by way of Unutation, biancted polypeptides can be prepared as follows: (1) the 
amino acid to be branched fiom the main polypeptide chain can be prepared as an N-a-tert- 
butylo?grcarboayl (Boc) protected amino acid pentafluorophenyl (Op^) ester and Ihe residue wittiin 
the main chain to which this branched amino acid will be attached can be an N-Fmoc-a-y- 
diaminobutyric acid; (2) the coiq>ling of the Boc protected amino acid to diaminobutyric acid can be 
acMeved by adding S gianosof each precursor to a fbsfk containing ISOmlDMF, along with 2*25 ml 
pyridine ai^ 50 mg dhnetfaylaminopyridine and allowing the solution to mix for 24 hours; (3) the 
polyp^tide can then be extracted fiom the 1 50 ml coupling reaction by mixing the reaction with 400 
ml dicMormethane (DCM) and 200 ml 0.12N HCl in a 1 liter separatory funnel, and allowing the 
phases to separate, saving the bottom aqueous layer and re-extracting the top layer two more times 
with 200 ml 0.12 N HCl; (4) tiie solution containing the polypeptide can be dehydrated by adding 2-5 
grams magaesium sul&te, filtering out tiie magnesium sulfiite, and evapor at ing the remaining solution 
to a volume of about 2-5 ml; (5) the d^lypeptide can flien be jirecipitated by addition of eOiyl acetate 
and then 2 volumes of hexanes and then collected by filtration and washed two times with cold 
hexanes; and (6) the resulting filtrate can be lyqphilized to achieve a hg^t powder form of the desired 
dipolypeptide. Branched i>olypqp1idesiirQ>ared by this method wiU have a substitution 
di a mino butyric acid at the amino acid position which is branched. Branched polypeptides containing 
an amino acid or amino acid analog substitution other than diaminobutyric acid can be prepared 
analogously to the procedure described above, usmg fbs N-F-moc coupled form of the amino acid or 
amino acid analog. 

Polypeptides of the transport xK>lymer can also be encoded by viral DNA and be esqnessed on flie • 
virus sur&ce. Alternatively, histidine could be covalently linked to proteins through amide bonds 
with a water soluble di-carboimide. 

5.4 Methods of Using Pharmaceutical Agent Delivery Compositions 

The invention conqmses a meftod for delivering a pharmaceutical agent to the interior of a cell, said 
method comprising contacting the cell with a pharmaceutical agent deliveiy composition of the 
invention. Preferably, the compositions are administered to animals, including humans, by injection, 
hijectionm^ be systemic (by i.v.) or local (fiir example, to tlie site of atumor). 

In graeral, a cell to be treated may include any animal, plant or bacterial cell ftat is susceptible to 
intracellular delivery of a pharmaceutical agent using the delivery conq>osition either in vivo or in 
vitro. For example, suitable cellxilar targets include, without limitation, epitiielial cells, endothelial 
cells, keratinocytes, fibroblasts, muscle cells, hepatoc3^s; blood cells such as T lymphocytes, 
B lymphoc3^tes, monocytes, macrophages, neutrophils, eosinophils, megakaayocytes, granulocytes; 
various stem or progenitor cells, in particular hematopoietic stem or progenitor cells, ag:, as obtained 
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from bone marrow, umbiUcal cord blood, peripheral bl^ in one aspect, the 

cell is selected from &e group consisting of luig cells, liver cells, endothelial cells, muscle ceUs, skin 
cells, hematopoietic stem cells and tumor cells. 

BKanq>les of genetic and/or non-neoplastic diseases potentially treatable with the compositions and 
5 methods includes: adenosine deaminase deficiency; purine nucleoside phosphorylase deficienc}^ 
cfanmic granulomatous disease wi& defective p47phox; sickle cell with HbS, ^-thalassemia due to 
inadequate production of P hemoglobin; Faconi's anemia; frmiilial hypercholesterolemia due to a 
defective low -density hpqprotein receptor; al-antitrypsin deficiency; phenylketonuria due to 
phenylalanine hydroxylase deficiency; omithine transcarbamylase deficiency; apolii>oprotein E 

10 deficiency hemophilia A and B due to fiictor Vm and IX deficimcy, respectivelj^ muscular 
(tystrophy due to dystrophin, lainimn-2, or sacroglycans mutation^ cystic fibrosis due to CFTR 
mutations; Parkinson due to tyrosine hydroxylase deficiency, retinitis pigmentosa, lysosomal storage 
disease (i.e., mucqpolysaccharide type 1, Hunter, Hurler and Gaucher), diabetic retinopatby, human 
immunodeficiency virus disease virus infection, acquired anemia, cardiac and peripheral vascular 

15 disease, and arthritis. In these diseases, the Aerapeutic gene may encode a rqilacementoxzyme or 
protein of the genetic or acquired disease, an antisense or ribo2yme molecule, a decoy molecule, or a 
suicide gene product 

£x vfvo and vzvo gene therapy with ther^)eutic DNA could also be ^ Genetherapy 
applications toward cancer include the foUowing: 1) enhanced imTnimogmiticy of tumor (e.g., insert 

20 foreign antigens, (^okines, ICAMI, MHC class n and/or B7 co-stimulatory molecule genes); 2) 

genetically alter immune cells to increase function (e.g., cytokines, co-stimulatory molecules, and a 
tumor-specific T cell receptor; 3) insert suicide gene into a tumor (e.g., thymidine kinase, cytosine 
deaminase genes); 4) block oncogene expression (e.g. antisense K-ras, intracellular antibodies); 5) 
insertion of a tumor suppressor gene (e.g., p53, rb, p21, or pl6 genes); 6) antiangiogenic gene therapy 

25 (e.g. angiogstatin, endostatin, antithrombin m, KDR, or antisense to YEGF or PDECGF genes); 7) 
protect tissues fi"om the systemic toxicities of chemotherapy (e.g., multiple drug resistance type I, 
DNA repair enzymes, alkyltranferase, dihydrofolate reductase genes); 8) induce normal tissues to 
firoduce antitumor substances, production of recombinant vaccines for the prevention and treatment of 
malignancy (e.g., interferon gene); 9) local radioprotection of normal bystander tissues with 

30 antioxidant overexpression (e.g., glutathione synthetase or transferase, manganese superoxide 

dismutase genes; 10) insertion of genes to enhance tumor sensitivity to radiation (e,g., manganse 
superoxide dismutase, TNF-a); 1 1) transfo: of genes that block expression of receptors critical for 
tumor cell survival (e.g., EGF, IGF-1 receptor genes); 12) transfer of genes necessary for survival 
(e.g.. Fas or Fas hgand genes); 13) transfer of antimetastatic disease (e.g., nitric oxide synthetase); and 
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14)pioduction of recombinant vaccines for the prevention and treatment of malignancy (e.g., injection 
of CEA , BCG, MAGE-1, tyrosinase,.muc-l, Mmn-1 genes). 

Tlie present invoition also provides a method of ex vivo gene flianapy comprising: (Q removing a cell 
fixim a subject; (ii) delivering a nucleic acid to the interior of the cell by contacting the cell vnSi a 
5 pharmaceutical agent delivecy composition of tte present inventicM^ and (iii) administmng the cell to 
the subject Id one aspect, the ceU is selected fixim the group consisting of lung cel^ 
endothelial cells, muscle cells, skin cells and hematopoietic stem cells. 

The resulting recombinant cells can be delivered to a subject by various methods knoi?m in the art hi 

a preferred embodiment, the recombinant cells are injected, eg., siibcutaneously. hi another 
10 embodimisnt, recombinant skin cells may be apphed as a skin graft onto the patient Recombinant 

blood cells (eg:, hematopoietic stem or progemtor cells) are preferably administered intravenously. 
* The cells can also be encapsulated in a suitable vehicle and then implanted in the subject (see, eg:, 

Dionne et al. PCT Pubhcation WO 92/19195, dated November 12, 1992). The amount of cells . 

administered depends on a variety of &ctors known in the art, for example, the desired effect, subject 
15 state, rate of expression of the chimeric polypeptides, etc., and can readily be determined by one 

skilled ia the art 

6« Examples 

The transport polymier of the Exan^les is based on a l3^sine and histidine cqpo^mer. Lysine is known 
to coiiq>lex with and partiaUy neutralize the negative diaige of plasixddDN^ The data-presented 
20 herein is consistmt with the idea that the histidine component of the copolymer buffers and aids in the 
release of plasmid DNA from the pie-lysosomal vesicles, and is fiirther consistent with the idea tiiat 
the cationi c l^somes neutralize the remainder of the DNA chaxige and provide a scaffold for the 
polymenDNA complex. 

6.1 Materials 

25 Cells: Abreast cancer cell hne, MDA-MB-43S, Bovine Aortic Bidotiiehal Cells (BAEC), Chinese 
Hamster Ovary (CHO) and NIH*3T3 cells woe maintained in DMEM containing 10% fetal calf 
serum and 20 mM glutamine. 

Transport Polymers: The biopolymer core feciUty at the University of Maryland synthesized the 
polymers on a Ranim Voyager synthesizer (PTI, Tuscon, AZ). The polymers were flien purified on 
30 an HPLC (Beckman, FuUerton, CA) and analyzed witii mass spectroscopy (Perseptive Bioss^stems, 
Foster City, CA) to verify the predicted molecular mass. A glycine inserted after every nhifharnino 
acid increased the 3deld and quality of histidine copolymers composed of 1 9 or more amino acids. 
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Measurement of the S-K and Iiistidine copolymers wifli poly-L-lysine (Sigma Co., St Louis, MO) 
used as a standard were done wift 2,6-d]mtro-4-trifluQ3xmieflQrlbenzenesuIf^ O^erce Co., 
Rockford, IL) as previously described (32,33). The following polymers wm made: 1) H-K (13mer) 
[K-H-K-H-K-H-K-G-K-H-K-H-K] (SEQ ID NO:l); 2) H-K (19mer) [K-H-K-H-K-H-K-H-K-G-K-H- 
5 K-H-K-H-K-H-K] (SEQ ID N0:3); 3) H-K (29 mer) [K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H- 
K-G-K-H-K-H-K-H-K-H-K] (SEQ ID NO:4); 4) HH-K (20mer) [K-H-K-H-H-K-H-H-K-H-H-K-H- 
H-K-H-HtK-H-K] (SEQroNO:5);5)HHH-K(2{hner)IK-K-H.H-H-K-H-H-H-K-K-H.H.H^ 
H-H-K-K] (SEQ ID NO:6); 6) Y-HK [Y-G-R-K-K-R-R-Q-R-R-R-G-K-H-K-H-K-H-K-H-K-H- 
K-H-K-H-K-H-KJ (SEQ IDNO:7); 7) Y-HH [Y-G-R-K-K-R-R-Q-R-R-R-H-H-K-H-H-K-H-H-K-H- 
10 H-K-H-H-K] (SEQ ID NO:8); 8) K-HK [K-K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K-H-K-K] 

(SEQ ID NO:9); 9) S-K (19 mer) [K-^K-S-K-S-K-S-K-G-K-S-K-S-K-S-K-S-K] (SEQ ID NO:10); 
10) H-S (19 mer) [S-H-S-H-S-H-S-H-S-G-S-H^S-H-S-H-S-H-S] (SEQ ID NO:l 1); 1 1) poly-L-lysine 
(19mer) [K-K-K-K-K-K-K-K-K-G-K-K-K-K-K-K-K-K-K] (SEQIDNO:12); 12)H-K2b [K-H-K-H- 

K-H-K-H-K-G-K-H-K-H-K-H-K-H-KhK; 13)H.K3b [K-H-K-H-K-H-K-H-K-G-K-H-K-H-K-H-K- 
15 H-K|3 K2; 14) H-.K4b [K.H-K-H-K-H-K-H-K-G-K-H-K-H-K.H-K-H-K]4 K3; 15) HH^b [K-H-K- 
H-H-k-H-H-K-H-H-K-H-H-K-H-H-K-H-KhK; 16) HH-K3b CK-H-K-H-H-K-H-H-K-H-H-K-H-H- 
K-H-H-K-H-K]3K^andl7)HH-K4b|K-H-K.H-H-K-H-H-K-^^ Note 
that 12)fhrougJi 1 7) are branched polymers in wbicli either an H-K ( 1 9-mer) or an titUL (20-mer) 
polymer is attached to the a and e amino groins of a lysine residue and the ceobal core of lysines are 
20 linked to one another by peptide bonds (Figure 16). 

Preparation of Liposomes: Preparation of liposomerplasmid con:q>lexes have been previously 
described (8, 30). l»iei^ DHSa bactoia (life Teclmologies, Gaitherslnirs^ 
plasmids were grown in Superbroth to mid-log phase. The plasmids were Ihen purified with Qiagen 
columns. An analytical gel of each plasmid (cut and imcut) was done to ensure that fliere was no 
25 contamination with oilier nucleic acids. Liposomes were conq)osed of l^-dioleoyl-3- 

trimethylammonium-propane (E>OTAP) (Avand, Birmingham, AL). After hydration ofthelq>ids, the 
l^osomes were sonicated until clear wifii a Branson 1210 bath sonicator in the presence of argon. 
The liposomes were then extruded through 50 mn i>olycarbonate membranes with LipsoFast- Basic 
' (Avestin Inc., Ottawa, ON). The liposomes final concentration was lixg/pl* 

30 6^ Jbi Vitro andih Vtfo Transfection Studies: 

43 X 10^ cells (N1DA-MB-435,NIH3T3 or CHO) were initially pla^ After 48 

hours, when flie cells were 60 and 80% confluent, cells were transfected with a plasmid encoding 
luciferase (Pd-Luc). In transfection esqperimmts, the copolymer was initial 

-23- 



wo 01/47496 PCT/USOO/34603 

Luc far 30 minutes in OptiM. Tbe amount of copptymer winch varied fixmi 0^ nmole to 15 nmole 
was mixed witti fhe plasmid or oligonucleotide. The concentration of DNA. varied from 0^ to 
0.75 pg. No visible aggregation of flie polymer with tibe plasmid DNA was sppareat at these 
conceotiatLans. Cationic liposomes wei:e tiien added, gmOy mixed, and then aUowed to stand for an 
5 addftional 30 minutes. The polymo^liposomeiDNA complex was flien diluted with either OptM 
OptiM + 10% serum. In esq>eriments utOizing lysomotropic agents^ ^ther cUoro 
Louis, MO) cnrbaSlomycinAi (Sigma) was added to Ifae media at concentiaticms of 10 ngAnl and 25 
pM, respectively. Four hours after transfection, the complexes were removed and DMEM with 10% 
serum was added. Forty-eight hours later, luciferase levels were measured wilh the Tun^ 
10 luminometer. IXq>Ucates were done for each concentration and each e3q>eriment was perT^^ 
twice. 

For in vivo studies, 3.0 X 10^ MDA-MB-435 cells were injected bilaterally into the mammary &t pad 
of six nude mice. After i^tlpable tumors were present, the transfection complexes were injected into 
the tumors. The liposome^ CI-Luc complex was injected into one tumor and the 

15 polymerJqM>some:PC3-Luc coniplex was injected into th^ As withthein vf^o 

experiments, die polymer was fast mixed wilfa the DNA before adding the catiomc liposomes. More 
specifically, 264 nmol of tiie linear H-K polymer was mixed with 28 p.g of DNA.^ The volume for Ibis 
reaction was 150 pi. After 1 hour, 150 additional microUtos of a solution containixig 504 nmol o 
catioincUposomal solution was added to the polymer and DNA complex. After one hour of - 

20 incubation, the solution was partially neutralized to a pH 6.5 or neutralized to 7.4. Within 30 minutes 
to 2 hours afior neutralization, eaditumcnr was injected with a 25 fd of solution containing 42 mnole 
of liposomes, 22 nmole of die linear histidine copolymer, and 2.34 fig of DNA. The control tumors 
received a similar dosage of liposcmies and DNA complexes. Twenty-four hours after iogection, the 
tumors were excised and placed in 500 ]lU of reporter lysis buffer (Pronie The 

25 samples were Ihin homogenized for 30 seconds foUowed by otiefineezelhawc^ After the sanq>les 
were centrifuged, luciferase activity was measured in the supernatant. 

At higher concentrations of liposomes, polymer, and DNA such as those utilized in the above in vivo 
e x per im ents, maintaining the solxition between pH-4.0 and 5.5 prevented precipitation during the 
reaction pl^ise. Thirty minutes to two hours pri(H- to injection of complexes, die solution was 
30 neutralized to between pH 5.0 and 7.4. When higher concaitrations of polymer and DNA as used 
with in vivo experiments were injected without liposomes, the final pH of the injectable solution is 
prefisrably between 5.0 and 6.5 to prevent pfecqntation. 

63 AfiBnity Determinations 
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Liposomes were prepared as described above except that the liposomes also contained fluorescent 
lipid and bitotiitylated lq>ids. The ratio of DOTAP: l^-diqleoyl-sn-glycero-3-phosphoethanolamine- 
n- (7-mtro-2-l, 3-benzoMdiazol-4-yl):l^-^oleoyl-sii-glycCTo-3-phosplK^ (cap 
biotmyl) was 97^:2.0:0-5. Labeled Mstidine copolymer was prepared by reacting iodo[l- 
5 ^^C]acefamide (SO mCi^ole) in NaPhos buffer pH 7.4 overnight An average of one in 20 histidines 
were modified and the labeled faistidine copolymer was separated firom flie iodoacetamide on a G-IS 
Sepbadex column chromatography. PCI-Luc was nick translated with deoi^cytidine 5'-[a-^] 
triphosphate (3000 Ci/mmole). 

The po]ymer:l]posome:DNA and the liposome J>NA coiiq>lexes weie prepared as described above 
10 except fhat labeled DNA and/or polymer was added. After the complexes were prepared, an equal 

volume (150 pi) of DMEN4 or DMEMwilh serum was added to the conqilexes for The 
. cfimplmfgaa were then mixed with 10 pi of streptavidin dvnabeads solution for 30 minutes and then 

washed three times wilfa 200 pi of a 1 MNaC3, 10 mMTris, and ImMEDT^ Thecounts 

attached to the streptavidin beads were then counted with the Beckman scintOlation counter. 
15 Quantitation oflqposomes was determined with the fluorescent noulti 

(Nfillipoiie). 

6.4 ResiiHsontlietraiisfecttonefiBdenf^of apolymer:lqposomea^^ 

6AJI Effect of H-K copolymers on transfection effidency of a Iiposomed>NA conqilex. 

To investigate the effect of the copolymer His-Lys OB-K) on transfection eflSciency of a 
20 liposomeDNA conqilex, several different combinations of concentrations of H-K (19-mer) (SEQ ID 
NO:3), DNA and liposomes were examined. The putative copolymer, liposome: DNA complex was 
incubated with MDA-MB-435 breast cancer cells for 4 hoxirs in the absence of serum. Over a wide 
range of concentrations, the histidine copolyma* enhanced the transfection efficiency of a lqx>some: 
PCI- luciferase (Luc) con^lex (Figure 1). The addition of the histidine copolymer increased 
25 transfection efficiency of the lq>osome: PCT-Luc complex up to 10-fold conq>ared to the liposome: 
Pd-Luc complex. The histidine copolymer increased transfection efficiency of the liposome: Pd- 
Luc conq>lex at all concentrations with an optimal amount in this system, shown at 7.5 nmole. No 
morphologic evidence of cellular toxicity due to tiie polymer was seen even at concentrations of 0.5 
mM. This enhancement of transfection efficiency by the histidine copolymer was not limited to 
30 MDA-MB-435 cells. The histidine copolymer increased transfection efficiency of lipc^ome: DNA 
complexes in CHO ^)<0.0001)andNm-3T3 ^><0.0185)cellsas wellOE^igure2). The combination 
of a linear H-K polymer and Iqx>some carriers was synergistic in their mhancotnent of transfection 
efficiency. Besides liposomes, we determined that the H-K polymer enhanced the transfection 
efficiency of deHvery systems such as ttie Si:q>erfect (Qiagen) dendrimer (data not shown). 
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6AJZ Effect of varying the lengfli of the histidine copolymer n transf ection efficiency. 

The effects of varying tiie length of the histidine copolymer on transfection efficiency was examined 
by comparing an H-K (13 mer) (SEQ ID NO:l), an H-K (19 mer) (SEQ ID NO:3), and an H-K (29 
mer) (SEQ ID NO:4) of the histidine copolymer. While all three polymers increased the transfection 
5 efficiracy of the liposome: PCI-Luc complex (p<0.05) in MDA-MB-435 cells, the 19 and 29-lengfli 
polymers increased transfection efficiency more than the 13 mer (p<0.05) (Figure 3). Although the 19 
mer was not statistically superior to the 29 mer with regards to enhancing transfection efficiency, the 
19 mer of H-K appeared to be somewhat better than the 29 mer at most concentrations of liposomes 
andDNA. 

10 6.43 Effect of polymer branching on transfection ^dency of a polymer:Iiposome:DNA 
complex. 

Increased branching of the histidine copolymer can be significantly more effective at enhancing 
transfection efficiency than the linear co-polymer. In a comparison of transport polymers consisting of 
a linear (H-K (19mer) (SEQ ID NO:3)) or a branched (H-K2b, H-KBb or H-K4b) polypeptide, in the 
15 absmce of serum, the dosage of the transport polymer used decreased by 20-fold and the transfection 
efficiency increased as ccnxqiared to the linear H-K polym^ by qyproximatety 10-fold (Figure 4). 

6.4.4 Effect of serum on transfection efBciency. 

Since serum is know to fi:equentty reduce the transfection efficiency of liposomes in vitro and in vivo, 
we examined the effect that media containing saxon had <m the histidine copolymer: liposome: DNA 

20 complexes. M ftejiresence of senini, a linear histidine copolymer iK^iena^ 

plaimid DNA con[q>leK had a 100-fold greater transfection efficiency tlian the liposomefd-Luc 
coniplexes alone (p<0.002) (Figure 5). Furfhexmore, in contrast to liposome: Pd-Luc complexes, the 
transfection efficiency of the H-El: liposome: Pd-Luc: complexes was similar in the presence or 
absence of serum. In contrast to the H-K polymer, poly-L-lysine in combination with liposomes was 

25 not resistant to serum and the transfection efficiency with the polylysine:liposome carrier was 
markedly decreased in the -pr&sencc of serum. 

In a separate experiment, it was investigated whether the histidine copolymer increased DNA binding 
to liposomes. H-K polymer: liposome: DNA (PCI-Luc) and liposome: DNA complexes were 
prepared as in the transfection experimoits. An equal volimie of media with or without serum (10%) 
30 was then added to these complexes for one hour. Streptavidin beads were tiien added to the 

complexes with intermittent mbdng for 30 minutes. After washings, the amount of DNA complexed 
to liposomes was quantitated. Overall, histidine copolymer increased DNA binding to liposomes 
from 13 to 3-fold (over liposomes alone) in the presence or absence of serum (Figure 6). 
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6.4^ Effects on transfection eflBciency when the order f addition of the transfection 
comp nents is varied. 

In order to determine Aether the histidine copolymer is physically Unked to the liposome: DNA 
complex, Ihe effects on transfection efficiency exammed after varying the order of addition of these 
5 three components. When the polymer was jBbst incubated wilh the DNA, and Aen nm 

liposomes, the greatest enhancement of transfection efiBciency (pO.OS) (Figure 7). With all other 
mixing permutations, the transfection efficiency with H-K was reduced. Lesser transfection 
efficiency occurred when liposomes were first incubated with plasmid DNA, and later the polymo* 
was added. Intennediate rediictions in transfection occurred when the liposomes and polymer wer^ 

10 simultaneously added to plasmid DNA. Similar results occurred with or without serum, l^essthe 
polymer is first mixed with the DNA, the low molecular weigjit polymer may not be able to compete 
adequately with flie cationic liposomes for the negatively charged plasmid DNA. Althou^ 
enhancement of transfection efficiency has been reported to occur as a result of interaction of cationic 
polymers with inhibitory proteins in the serum (9), pre-mixing the histidine copolymer with serum did 

15 not enhance the transfection efficiency of the liposome: DNA complex (data not shown). These 
findings suggest that the polymer is integrated into the liposome: DNA complex^ and this tripartite 
complex is important for increased transfection efficimcy . 

6.4.6 Effect of histidine on tbe transfection efficiency of the transport polymer 

Since histidine is the distinctive conqxment of die transport polymer, the role that histidine plays in 
20 augmentmg the transfection efficiency of the ix>lymer was examined. To investigate whether 

histidine enhances transfection efficiency, smne was substituted far histidine while maintaining the 
same number of lysines in this copolymer^ In die absence of serum, the S-K (19-mer) (SEQ ID 
NO: 10) i>olymer enhanced the transfection efficiency slightly more than when no polymer was added. 
However, when con5)ared to the H-K (19-mer) (SEQ ID NO:3), the S-K (19-mer) (SEQ ID NO: 10) 
25 copolym^ was significantly less effective at increasnig the transfection effidency^^ Thus, 
the histidine moiety of the polymer plays a significant role in increasing the transfection efficiency. 
Since the histidine coniponent of the histidine copolymer is iiiq>ortant in augmenting transfection 
efficiency of die polymer, otiier amino acids may be substituted for lysine in the copolymer. An 
aiginine-histidine copolymer, H-R (19-mer) (SEQ ID NO: 13), is significanfly better than H-K at 
30 enhancing transfection efficiency (Figure 9). 

6.4.7 Effect of lysosomotropic stents on transfection efficiency. 

Since H-K is markedly more effective than the S-K copolymer, the buffering cecity of histidine 
may have a role in augmenting die transfection efficiency of die histidine copolymer. To determine if 
the buffering component of the histidine copolymer increases transfection efficiency, die effects of 
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various lysoscmiotropic a^ats (cUoroqume DMA. 
conqdex were exannned. Surprisingly, incubatiQii with bafilomycm A] or cUoroquine significantly 
increased flie transfection of the H-K: liposome: Pd-Luc trq)lex in MH-3T3 and CHO cells. The 
eohancement with bafilomycin Ai was particularly stril^ 
5 of the triplex by 5-fold (p<0.002) (Figure 10). In contrast, bafilomycin Ai did not enhance the 

transfection efficiency of the liposome: PCI-Luc complex in the absence of the liistidine copolymer. 
It thus q>pears likely Ifaat synergism occurs between fb& H-K conqKment of the triplex and 
bafilon^cin Ai to increase transfection efficiency. Recentiy, ano&er lysosomotropic agox^ 
chl(»x>qutQe, was reported to enhance the transfection efficiency of low molecular weight PEI, a 

10 polymer that also buffers pre-lysosomal vesicles (20). Transfection synergy between^ low 

molecular weight PEI and diloroquine was Hiought to be due to partial buff^ing of the pre-lysosomal 
vesicles by PEL In contrast cUoroquine did not increase the transfection efficiency of a large 
molecular weii^t PEI carrier, which more effectively buffers die pre-tysosoi^ lbus,it 
appears that the H-K iM>lymer acts, at least in -parU by buffering the pH of the pre-lysosomal vesicles 

15 in Chinee hamster ovary cells. Nevertheless, it is important to note tiiat lysosmotropic agents did not 
increase transfection efficiency of tbe H-K polymer:lq)osome: DNA conq>lex in MDA-MB-435 cells 
and only mimmally increased transfection efficiency in NIH3T3 cells. 

6 AS In vivo transfection study. 

Since the histidine copolymer enhanced in vitro transfection efficiency, the effect of the histidine 
20 copolymer m vrvso was investigated. A significant linutationofnon-viral carriers has been tiieir low 
transfection efficiency in vivo. When human breast cancer cells, which had been implanted into the 
mammaiy &t pad of nude mice, grew to palpable tumors, eitiier the H-K: liposome: Pd-Luc or 
lq>osome: Pd-Luc caaxplexss were infected into the tumors and expression of tiie reporter gene was 
compared, A 15-fold enhancement of luciferase activity was observed in tumors injected wilb H-K: 
25 I^some: Pd-Luc conqiared to liposome: Pd-Luc (p<0.02) (Figure 1 1). Previously, liposomes were 
used as carriers of anti-angiogfflic genes to inhibit tumor growth (31). The expression of these 
transfected secreted antiangiogenic proteins was quite low resulting in moderate reduction of tumor 
size. Ibe H-K: liposome carrier should augment the secretion and antitumor efficacy of these 
proteins. Furthermore, the histidine copolymer or a derivative may have widespread applications in 
30 other gene therqiies. 

6.4.9 Comparison of H-K polymer and Poly-L-Iysine 

H-K was also compared to poly-L-lysine (19-mer) (SEQ ID NO:12), Poly-L-lysine (PJJJ) is known 
to enhance the transfection efficiency of liposome J>NA complexes. Tbe PLL used has the same 
numbo: of amino acids as the H-K (19-mer) ix>lymQ:used fw conq>arison, and its amin acidmakeiq> 
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is K.K-K-K-K-K-K.K-K.G-K.K.K-K-K-K-K-K-K (SEQ ID NO: 12). Tte data (see Figure 12) 
demonslrates fiiat even though PLL has twice as many lysmes as H-K, H-K is about SO times more 
efifective liiau PLL in Ibe presence of serum. Since serum is flioug^t to reduce transfection ef5ci»cy 
by stripping aws^ llie DNA fixxm the carriers (liposomes and polymer), it was surprising that poly-L- 
5 lysine polymo: with twice as maxiy lysines to bind the DNA compared to H-K was a significantly 
less efifective transfection agent tiian H-K in the presence of serum. 

6.4.10 Effect of the ffistidine order on Transfection Efficiency. 

Tlxe sequence order oflhe H-K ainino acids can affect transfection effidenc^^ Polymors H-K, Y-HK 
(SEQ ID NO:7), and Y-HH (SEQ ID NO: 8) were mixed initially witii DNA and then lqx>somes were 

10 added as previously described. While all accelerated useful transfection ^ciency, the Y-HH 

polymo: significandy enhanced the iq>take of Iqiosomes in the presence or absence of serum (Figure 
13). Since the Y peptide conq>Qnent (Y-G-R-K-K-R-R-Q-R-R-R) was present in bofii the Y-HK and 
the Y-HH polymers, the critical sequence that enhanced intake in tiie Y-HH polymer was tiie Wff 
conqxment (H-H-K-H-H-K-H-H-K-H-H-K-H-H-K). For tins reason, the latter sequeaice is a currently 

15 . preferred einbodiment of tiie.invention. 

To further investigate the extrat to which histidine order could affect transfection efSciency, fom: 
IK>lymer solutions containing a different linear histidine copolymer (H-K (19-mer) (SEQ ID NO:3), 
HHH-K (20-mer) (SEQ ID NO:6), HH-K (20-mer) (SEQ ID NO:5), or K-HK (21.mer) (SEQ ID 
NO:9)) were mixed in amoiints ranging from 0.125 \il to 23 |il with 0.75 |ig DNA. The 
20 concentration of each of the polymer solutions was 15 p.g/^1. After 30 minutes, 1 .5 ^g of liposome 
wereadded. After adding the deUvery conq>ositions to endotheUal cells (BAEQ for 4 hoi^ 
were washed, and tucifeasse activity ineasured 48 hoiirs later (Figure 14)^ The results suggest that 
both histidine order and polymer concentration affect transfection efiBciency. 

6.4.11 Effect of Adding Trandtion Metals on Transfection EfSdency. 

25 To determine the effect of adding transition metals on the transfection efiBciency of a polymenDNA 
conq>lex, 025 fig H-K2b, 0.125 |ig H-K3b, or 0.125 jig H-K4b were initially mixed wifli 0.75 \ig 
DNA. After 30 minutes, cationic liposome were added for 30 minute. Zn^ was then added in an 
amount ranging from 0 to 2.00 pg^nl. As a control, various amounts of zinc were added to the 
liposomedDNA complex. The addition of zinc can enhance transfection efficiency of 

30 polymenl^K>some J>NA conq>lexes (Figure 15). 

6.4.12 Comparison f H-K2b in Combinati n of lip somes with FEL 
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Polyefhyleninriiie (PET) is a commonly used catiomc polymer utilized in non-viral gene delivery 
transfer systems. To compare PEI with the H-K2b:liposome carrier, 0.5 |ig of PEI was first mixed 
wift 0.75 ^ig of DNA for 1 hour. H-K2b (0^5 was mixed initially with DNA (0.75 jig) for 30 
minutes followed by the addition of cationic liposomes (1.5 fig). These two complexes were then 
5 compared for their ability to transfect MDA-MB-435 cells in the presence or absence of serum. 

Forty-eight hours after transfectioii, lucifaase activity was determined. In the presence or absence of 
serum, the transfection system comprising the transport polymer of the present invention was more 
than 1 0-fold bette flian PEI in transporting DNA into MDA-435 cells (p<0.01 , H-K4h/liposome vs. 
PET) (Figure 16). This illustrates that the combination of H-K2b and liposomes significantly 
10 improves transfection conipared to PEI, one of tbe most effective cationic polymers currently used. 

6.4.13 Effect of polymer branching in the absence of liposomes 

Effect on transfection e£Bcien(^ of a polymerrDNA complex: To determine the eflfect of Inanching 
on the transfection efiBciency of a polymenDNA con^lex, 73 nmol of H-K or 0.375 nmol of HH- 
K4b was mixed with PO-Luc, and luciferase activity was measured as described above. The 
15 branchedHH-K4bpolymer showed bettCT(p<0.05)traiisfectioneflBdency over the linear H-K 

polymer (Figure 1 8a). HH-K4b as a sole carrier of DNA was also better at enhancing luciferase > 
expression than HH-K3b, HH-K2b, and H-K4b (data not shown). 

Effect on uptake of a polymenoligonadeotide oonqilex: In a second ex p eiim en^ the same amount 
of HK or HHK4b was nnxed with 0.75 \ig of a 5'-end fluorescetn-labeled landomly generated 
20 oligonucleotide(32-mer) for 30 minutes. This conoplex was added to the MDA-MB-435 cells for 4 
hour incubation. Twmly-fourhourslater, the cells were then waslied, and measured by 
fluorescence Measurement System. (Kfillqxne, Bedford, MS). The branched HH-K4b polymer 
significantly enhanced uptake (p<0.05, Mann-^Whitney Rank-Sum Test) of oligonucleotides when 
compared to a linear HK polymen oligonucleotides conq>lex (Figure 18b). 

25 These results demonstrate that a branched histidine copolymer increases transfection efiBciency of 
plasmids and iqstake of oligonucleotides even in the absence of an intracellular delivery component 

In viva delivery of pliarmacentical stents. Tlie following example demonstrates that HH-K4b has 

utility in vivo as a carrier of low molecular weig^ DNA molecules in tiie absmce of an intracellular 

deliveiy conq^ound. In this exanq>le, the receptor of VEGF mRNA with a DNA oligonucleotide tiiat 

30 hasenzyniaticactivity (also called DNA^me) (36) was targeted. The VEGF reciter is essential for 

tumor angiogenesis and consequ^ifly tumor growth. After breast canco- ceUs (E^A-MB-435 cells) 

were injected into nude mice and the tumors grew to a visible size, tiie tumor was injected witiitiie 

thenq)eutic polymer-DNA complex. The tumor was injected every 5 days for a total of 5 injections. 

There were 4 treatment groins: 1) untreated, 2) HH-K4B earner alone, 3) HH-K4b + DNAzyxne, and 
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4) HH-R4b + antisense oligonucleotides. To prepare the conq>lex for injection, 45 jig of the HH-K4b 
polymer diluted in 150 pd of water was mixed with 24 ptg of oligonucleotide, also diluted in 150 pi of 
watCT. After formation of the complex for 2 hours, 25 fil of the treatment complex was injected into 
each tumor. The therapeutic oKgonucleotide sequence is 5'-TGCrCTCX:A-<KKn'AGCTACAACGA- 
CCTGCACCT-3' whereas the control antisense oligonucleotide sequmce is 5'-TGCTCTCCA- 
GGCTATGTACAACGA-azrreCACCT-S'. The only dififearence between the tiierapeutic DNAzyme 
sequence and the antisense sequences is that the nucleotides responsible for cleaving fbe mRNA have 
been altered with the antisense DNA. The tumor volimie, measured before each injection, is given in 
the table below. 



TrBatments 


Istliijection 


2nd Injectioii 


Srdliijection 


4llilajecti(m 


Sfh Injection 


Untreated 


9 J, (1.0) 


59.5 (9.5) 


163 (27) 


344.3 (64) 


570 (98) 


HH-i:4b 


9.5 (1.1) 


63.7 (10.7) 


134(30) 


236 (55) 


429 (94) 


HH-K4b+DNA:qTne 


9.3 (1.3) 


35.0 (3.8) 


67 (15) * 


105.7 (25)* 


179 (54) * 


HH-R4b+aiitiseiise 


12.4 (0.9) 


42.9 (8.1) 


133 (28) 


218 (54) 


334 (84) 



*, p<0.05. Untreated vs. HH-K4b-DNAzyme. The SEM of each treatment group is within flie 
. parentheses. 

This demonstrates that branched histidine copolymer can deliver agents in vivo without a lq>osome 
component. 



?• References 

Throughout this specification various patent and non-patent references have been mentioned. The 
entire disclosure of each such reference is incorporated herein by refer^ce, as is the entire disclosure 
of each of the following references, to the extent relei^t to making and using the invention as 
claimed: 

1. Feigner, PX. et al. 1987. Lipofection: a highly efficient, lipid-niiediated DNA transfection 
procedure. Proa NatL Acad ScL USA 84:7413-7117. 

2. Behr, JP. etal. 1989. EfBdCTt gene trazisfer into mamiiiaUan priniary endocrine cells 
Upopolyamine-coated DNA. Proc. Nail Acad. ScL USA 86:6982-6. 

3. RenQT, J.S.,Sirlin,C Vierling,P.andBehr, J-P. 1994. Gene transfer witiii a series of lipophilic 
DNA-binding molecules: Biocorgugate Chenu 5:647-654. 

4. Nabel, GX. et al. 1993. Direct gene transfer with DNA liposome complexes in melanoma 
expression, biological activity, and lack f toxicity in humans. Proc Natl. Acad ScL USA 
90:11307-311. 



-31- 



wo 01/47496 PCTAJSOO/34603 

5. Zira^ N., Light, D., liu, Y., and Debs, R. 1993. Systemic gene esqnressiQii after intravenous DNA 
delivery into adult mice. Science 261:209-21 1 . 

6. nueny, AiL et aL 1995. Systenuc gene therapy: biodistributicm and long-tmn e)^^ 
transgene in mice. Proc. Natl, Acad Sci, USA 92:9742-9746. 

5 7. Marshall, J. 1995. The trouble with vectors. Science 269:1051-1055. 

8. Xu,M.etal. 1996. Parenteral Gene Thersqpy with p53 inhibits huniant^^ 

Unough a bystander mechanism without evidence of toxicity. Human Gene ITter. 8:177-185. 

9- Yang, U. and Huang, L. 1997. Overcoming the inhibitory effect of serum on lipofection by 
increasing the charge ratio of cationic liposome to DNA. Gene Ther. 4:950-960. 

10 10. Liu, F., Qi, EL, Huang, L, and Liu, D. 1997. Factor controlling the efficiency of cationic 
lipid-mediated transfection in vivo via intravenous administration. Gene Iher. 4:517-523. 

11. Stewart, MJ. et al. 1992. Gctc transfer in vfvo with DNA-liposonie complexes: safety and acute 
toxicity in mice. Human Gene Ifier, 3:267-275. 

12. Feigner, JJL et al. 1994. Enhanced gene deliv^ and mechanism studies with a novel series of 
15 . cationic l^nd formulations. J. Biol Chem. 269:2550-2561. 

13. liu, Y. et aL 1997. Factors influaadng the efficiency of cationic liposome-mediated intravenous 
gene deliveiy. Nature Biotechnology 15:167'173. 

14. Li, S., Rizzo, MA-, Bhattacharya, S., and Huang, L. 1988. Characterization of cationic 
lipid-protamine- DNA (LPD) con:q>lexes for intravenous gene delivery. Gene Ther, 5:930-937. 

20 15. Gao, X. and Huang, L. 1996. Potentiation of caticmic ^posome-mediated gene delivery by 
polycations. Biochemistry 35:1027-1036. 

16. Sorgi, FX., Bhattacharya, S., and Huang, L. 1997. Protamine sul&te aihances lipid-mediated 
gene transfer. Gene Ther. 4:961-968. 

17. Li S., and Huang L. 1997. In vivo gene transfer via intravenous administration of cationic 
25 lipic-protamine-DNA (LPD) complexes. Gene Ther. 4:891-900. 

18. Toncheva, V. et aL 1988. Novel vectors for gene delivery formed by self-assembly of DNA with 
I>oly C^tysine) grafted with hydrqpfaflic polymers. Biockim, Bicphys. Acta. 1380354-368. 



-32- 



wo 01/47496 



PCTAJSOO/34603 



19. Legendre, J.Y., and Szoka, Ir. F.C. 1992. Delivery of plasmid DNA into msmmMsm cell lines 
using pH-smsitive liposomes: conq^arison wifli cationic lq>osomes. PhantL Res. 9:1235-1242. 

20. Ogris, M- et al. 1998. The size of DNA/transferrin-PEI complexes is an important &ctor for gene 
expi^^on in cultured cells. Gene Iher. 5:1425-1433. 

21. Wolfert, M.A. and Seymour, L.W. 1998. Chloioquine and amphipathic peptide helices show 
synergistic transfection in vitro. Gene Ther. 5:409-414. 

22. Erbacher, P. et al. 1996. Putative role of cUoroquine in gene transfer into a Humfln hepatoma cell 
line by DNA/lactosylated polylysine complexes. Exp. Cell Res. 225: 186-194. 

23 . Zauner W., Kichler A., Schmidt W., Merchtler BL, and Wagner E, 1997. Glycerol and polylysine 
sjoiergize in their abiUty to rvqiture vesicular membranes: a mechanism for increased 
transferrin-polylysine-mediated gene transfer. -fiScp- Cfe//i?es. 232:137-145. 

24. Budker, V., Gurevich, V., Hagstrom, JJB., Bortzov, F., and Wolf^ JA. 1996. pH-sensitive 
cationic liposomes: a new synfiietic viius-like vector. Nature Biotechnology 14:760-764. 

25. Niidome T. et al. 1997. Binding of cationic a-helical peptides to plasmid DNA and Ifaeir gene 
transfer abilities into cdls. J. Biol Chem. 272: 15307-53 12. 

26. Boussif, O. et al. 1995. A versatQe vector for gene and oUgonucleotide transfer into cells in 
culture and in vivo: polyethylenimine. Proc Natl Acad. Sci. USA 92:7297-7301. 

27. Behr, JJP. et al. 1989. EfSciCTt gene transfer into mammalian primary endocrine cells wifii 
lipopolyamine-coated DNA. Proc. Nad. Acad. Sci. USA 86:6982-6986. 

28. Remy, J.S. and Behr, JJ . 1996. Gene transfer with multivalent synthetic vectors. J. Liposome 
Res. 6:535-544. 

29. Haensler J., and Szoka, Jr., F.C. 1993. Polyamidoamine cascade polymers mediate efficient 
transfection of cells in culture. Bioconjugate Chem. 4:372-379. 

30. :^^doux, P. and Monsigny, M. 1999. Indent gaie transfer by histidylated polylysine^DNA 
conq>lexes. Bioconjugate Chem. 10, 406-41 1. 

31. Chen, Q.R., Kimiar, D., Stass, SA. and Mixson AJ. 1999. Liposomes complexed to plasmids 
encoding angiostatin and endostatin inhibit breast cancer in nude mice. Cancer Res. 59:3308- 
3312. 

-33- 



wo 01/47496 PCTAJSOO/34603 

32. Cayot, P. and Tainturier, G. 1997. Hie quantification of protein amino groups by the 
tnnitrobeDzenesulfonic acid method: a reexamination- .^liia/. Biochem. 249:184-200. 

33. Snyder, SX. and Sobocinsid, P. 197S. An inqiroved 2,4,6-trinitrobmzene-sulfonic acid mediod 
for the detemiinatimi of amines. AnaL Biodtem. 64:284-288. 

5 34. Arap^ W. et al. 1998. Cancer treatment by taxgeted drug deliveaty to tumor vasculature in a mouse 
model. Saence 279:377-380. 

35. Pasqualini, R. et al. 1997. A^ha v integrins as recqjtors for tumor targeting by circulating 
ligands. NaL Biotechnol 15:542*546. 

36. Santoro, S.W,, and Joyce, GJF. 1997. A general purpose KNA-cleaving DNA en^me. Proc. 
10 NatL Acad. ScL USA 94, 4262-4266. 

37. Marshall, J. et al. 1994. Stoicfaiometry of recombinant C3r5tiG fibrosis transmem b rane 
conductance regulator in epithelial cells and its functicHial reconstitution into cells in vitro. J Biol 
Chem. 269: 2987-95. 

38. Ramani, Bora, IL S., Kumar, M., Tyagi, S. K., and Saikar, D. P. 1997. Novel gene delivery 
15 to liver cells using oigineered viroscnnes. FEBSLetL 404: 164-8. 

39. Schoen, P., Oionn, A-, Qjllis, P. R., Wilschut, J., and Scheff 1999. Gene transfer mediated 
by fusion protein hemagglutinin reconstituted in cationic lipid vesicles. Gene Ther. 6: 823-32. 

40. Waeiti, E. R. and Gluck, R. 1998. Delivery to canco: cells of antisense L-myc oligonucleotides 
incorporated in fiisogenic, cationic-lipid-reconstituted infiuenza-virus envelopes (cationic 

20 virosomes). Int J Cancer. Tli 728-33. 

41. Wu, P. et al. 1996. AnAAVpromoter-drivenneuropeptide Y gene delivery Systran using Sendai 
virosomes for neurons and rat brain. Gene Titer. 3: 7A6-S3. 

42. Wagner, E. et al. 1992. Influenza virus hemagglutinin HA-2 N-terminal fiisogenic peptides 
augment gene transfer by transferrin-polylysine-DNA conq)lexes: toward a synthetic virus-like 

25 gene-transfer vdiicle. Proa Natl Acad. ScL USA. 89: 7934-7938. 

43. Curiel, D. T. et aL 1992. His^-efBciency gene transfer mediated by adenovirus coupled to DNA- 
polylysine complexes. Hum. Gene Ther. 3: 147-54. 



44. Curiel, D. T. 1994. Hig^-efEiciency gene transfer mediated by adenovirus-polylysine-DNA 
complexes. AnnNY Acad Set 716: 36-56; discussion 56-58. 

.34- 



